J>) 



Europaisches Patentamt 
European Patent Offic 
Office europeen d s brevets 




@ Publication number: 0 667 141 A2 
EUROPEAN PATENT APPLICATION 



|i) Application number : 95300757.2 
g) Date of filing : 08.02.95 



© Int. CI. 6 : A61K7/09 



(So) Priority : 09.02.94 US 194076 
W 14.12.94 US 355653 

(S3) Date of publication of application : 
16.08.95 Bulletin 95/33 

(K) Designated Contracting States : 

W AT CH DE DK ES FR GB IE IT LI SE 

ffh Applicant : HELENE CURTIS, INC. 
325 North Wells Street 
Chicago, Illinois 60610-4713 (US) 

© Inventor : Neill, Paul 
131 Village Road 
Hinsdale, IL 60521 (US) 



Inventor : Brandt, Loralei 
771 Laurel Lane 
Gary, IL 60013 (US) 
Inventor : Walling, Priscilla 
1113 79th Street 
Darien, IL 60561 (US) 
Inventor: Nandagiri, Arun 
1680 Greenbriar 
Libertyville, IL 60048 (US) 
Inventor : Meltzer, Norman 
7730 Dempster Street 
Morton Grove, IL 60053 (US) 

(74) Representative : Wain, Christopher Paul et a! 
^ A.A. THORNTON & CO. 

Northumberland House 

303-306 High Holborn 

London WC1V 7LE (GB) 



(g) Permanent wave composition and method. 

£t\ A mild oermanent wave reducing agent-containing composition includes two ionic compounds, one 
@ a^ JS^SS^ tha 9 t complex in solution over a molar ratio of £ 

Sc compound in the range of 1 :1.2 to 1.2 :1. The cationic compound, in solution, forms a cation of 

formula I or formula II, or a mixture of two or more thereof; 



R 0 — N* — A — BH 



(I) 



CD 
CD 



Q- 
Ui 



H 

' (ID 



R 4 -C-C-A-SH 

R 7 — If — R 5 
I 



wherein R< R 2 , R3, R5, Re and R 7 , same or different are H, an alkyl group or hydroxyalty 9™?**™* J 
to 5 Carbon atoms' and IR, is OH -ORe or -NR9R10. wherein R* R 9 and R 10 , same or different are H an 
Skvl^S ?S£^^ group having 1 to 4 carbon atoms, A is an alkylene group having 1 to 5 
carbon atorns ; andTis Oo? S ; and the anionic compound, in solution, forms an anion of formula III . 

HS-A-CH -COO- 
y 

wherein A is nonexistent or an alkylene group having 1 to 5 carbon atoms, and Y is H, OH, NH 2 or 
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NH — C — R 12 



wherein R 12 is an alkyl group having 1 to 5 carbon atoms. Examples of cationic compounds include 
thiocholine, choline, cysteineamide, cysteamine, and combinations thereof. Examples of anionic 
compounds include cysteine, N-acetylcysteine, thioglycoJic acid or its salts, and combinations thereof. 
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wrapped or curled on rods. The sulfur to sulfur W*™™"™ ti djfferent ^ igur . 

Showa Japanese Patent 5 ^^P^ t *i^ dte ^^ namkto as a reducing agent. U.S. Patent 
al second reducing agent U.S. Patent no. o,ioo,»^f uioww , Patent No. 

No 5 223 252 discloses a combination of a thioglycolate and cyste.ne at a pH of 7.5 to 9.5 U "JJT 
S 332 570 dSloses a combination of cysteamine hydrochloride and a thio compound such as monoethano- 

lamide (Pka=8.4), and esters such as glycerol thioglycolate (PKa r.o) give acoep 

tral and even slightly acid Ph cross |jnk human nair protein at 

SU ' f T^use^ammonium dithiodig.yco.ate in acid or alKa.ine P-^'.^^^^S 
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a curled position or shape. While the hydrogen bonds aid to maintain the hair in the new configuration, the 
sulfur to sulfur cystine bonds are much stronger and, to a much greater extent than the hydrogen bonds, control 
the efficacy of the permanent wave. 

In order to successfully provide a satisfactory permanent wave in the hair, the sulfur to sulfur cystine bonds 
reformed in the hair in the new or curled configuration, when the hair is later oxidized with the neutralizing 
agent, should be stronger than the prior or natural cystine hair bonds. It is desired, therefore, when permanent 
waving, that enough new bonds in a new hair configuration are formed during permanent waving to outnumber 
the old bonds remaining that tend to form the hair in its prior or natural configuration, whether it be straight or 
naturally curled. 

Since damaged hair already has a significant number of the sulfur to sulfur cystine bonds broken due to 
some chemical, mechanical or environmental abuse, particularly the chemical abuses, such as bleaching, tint- 
ing or frosting, it is difficult to determine what length of time, and what reducing agent concentration to apply 
to the hair to provide the hair with the proper number of sulfur to sulfur bonds remaining after the reducing 
agent treatment. Significantly damaged hair, such as bleached hair, may require a reducing agent lotion ap- 
plication for a period of only about 5 minutes whereas normal hair, not significantly damaged, may require the 
reducing agent lotion for a period of approximately 20 minutes under the same reducing agent concentration 
and temperature in order to result in both the damaged and normal hair having approximately the same curl 
configuration. Ideally, after the reducing agent treatment, every one of the hair shafts treated will contain the 
same ratio of broken to unbroken bonds so that this same ratio can be reestablished in each hair shaft when 
the hair is in the new configuration to provide a consistent strong curl over the entire head of hair. 

Generally, the reducing agent lotion is applied to the hair by first shampooing the hair and then applying 
the reducing agent lotion to the hair, either before or after the hair is wrapped around suitable rollers. Since it 
is not possible for even the experienced permanent wave applier to accurately determine visually the extent 
of damage to the hair in order to have a better idea of how long the reducing agent should be in contact with 
the hair, it is necessary to take a "test curl" so that after a predetermined amount of time, for example 1 0 min- 
utes, a first roller is removed from the hair and the curl is felt and stretched in an attempt to determine if the 
curl formation is strong enough. Once it is determined that the reducing agent has been in contact with the 
hair for a sufficient time period, the hair is rinsed thoroughly with water while still on the rollers or rods and, 
while the hair remains on the rollers or rods, a neutralizing agent is applied to oxidize and reform the sulfur to 
sulfur bonds while the hair is in the new, rolled configuration. The neutralizing agent contains an oxidizing 
agent, such as hydrogen peroxide or a bromate salt, in order to reestablish the sulfur to sulfur bonds to leave 
the hair in a relatively permanent, e.g., 2-4 months, new configuration. The rods are removed, before or after 
rinsing out the neutralizing agent. 

When the reducing agent lotion is applied to sections of the head prior to roiling that portion of the hair 
onto the rods it is called a lotion wrap whereas when the hair is rolled on the rods or rollers first and then the 
lotion applied onto all of the hair after rolling, this is called a water wrap. The timing for the reducing agent to 
be in contact with the hair for a lotion wrap is begun from the time that all rods are on the head, and the timing 
for a water wrap begins from the time that the lotion application is completed. The capability of using a water 
wrap is clearly more desirable since the lotion is applied to the entire head of hair all at once in a short period 
of time and can be rinsed from the hair all at once to provide a more uniform reducing agent contact time for 
all of the hair. 

Other prior art patents directed to permanent waving compositions intended to permanently wave both nor- 
mal and damaged hair are found in the Klemm et al. U.S. Patent No. 4,273,143; and Cannel et al. U.S. Patent 
No. 4,301,820. Japanese Patent No. 57-212110 appears to be directed to a post- permanent treatment con- 
taining glycerine to give hair sheen and luster. 

SUMMARY OF THE INVENTION 

In brief, the present invention is directed to a mild permanent wave reducing agent-containing composition 
and method of permanently waving or straightening human hair that provides a strong, long lasting curl, or 
long lasting straight hair formation, while minimizing hair damage. The composition generally includes two dif- 
ferent ionic compounds, one cationic and the other anionic, that are believed to complex in solution at molar 
ratios of about 1:1.2 to about 1.2:1, preferably about 1:1.1 to about 1.1:1, to provide synergy in waving effi- 
ciency, thereby providing a strongly reconfigured hair configuration (curled or straightened). At least one of 
the ionic compounds functions as a reducing agent for hair, capable of breaking the disulfide bonds in the hair 
so that the bonds later can be reformed via oxidation, when th hair is in the desired configuration. Examples 
of cationic compounds include thiochoJine, choline, cysteine, cysteamine, monoalkyl, dialkyi and trialkyl cys- 
teamines, such as dimethyl cysteamine, or one of their salts, e.g., hydrochloride, cysteineamide, and combin- 
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ationsthereof.Exemples^^ 

thioglycolate or mono thanolam.ne thioglycolat (MEATG^ cysteme ^ gnd ,„ the anjonjc 

salts; and combinations ther of. While cys te.ne is ^nduded m 9^ ^ ^ both 

category, both compounds cannot ^^^SSSS^^^^ The preferred ionic com- 
cationic and anionic charactensbcs depending on pH o Mtt^ strtut« ™a thioglycolic acid salt, per- 

pounds are thiocholine and N-ac^^^ 

rjairrr^^ 

P Tu^u^ 
thanolanine thioglycolate (MEA^ 

line, complex withinamdar^ at . pH in the range of 

1.2:1, preferably about 1:1.1 to about 1.1, to provide ,sy ^ g fc abQut 8 0 

with best results at a concentration of 0.73 M for each ^compound ^ ^ ^ 

The waving lotion of the present invent™ ^J^J^T^Zalm lotion or water wrapped and can 
vlding a strong, tight curl and leaving the hair soft. The .""^"J 8 " of hairi re g ara iess of struc- 

be us 9 ed with or without heat Unexpectedly the eonpo-taon can be applied 

tural damage to the hair, resulting in "™ st ^ damage to the hair. 

m uch morefreguently than ^^^^^SX^ significant loss of cur. tightness. 

C£«5e^^ 

tain the new hair configuration for ; a substantial ^^~ w ed anentwave lotion containing 

Another aspect of the present mvent.cn is ^ d "^'^ p ^ , ex> in soluti on. within 
a combination of cationic and aniomc compounds that era .^^ ^^ 1 . 1 ^ to about 1.2:1. preferably 
a molar ratio of cationic compound to anionic ^^^^^^^9^ to su,f ur hair M 

Another aspect is to pravideewevinglot^^ 

""Vte'Je and other objects and adventages of the present invention will become apparentfrom the following 
detailed description of the preferred embodiments. 

45 BRIEF DESCRIP TION OF THE DRAWINGS 

taction p-oducK. « 0.7SM *• ~* «™ SEE^I-*****- combinations of 
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3), with the graph showing total concentration of both components; 

Figures 5 and 6 are graphs similar to Figure 4 showing the wave efficiencies of the formulations of Exam- 
ples 1-3 after one and three washes, respectively; 

Figure 7 is a bar graph showing the waving efficiencies of 0.73 M thiocholine and 0.73 M N-acetylcysteine 
at various pHs; 

Figure 8 is a bar graph showing the waving efficiencies of another ionic pair in accordance with the present 
invention (thiocholine and ammonium thioglycolate) compared to thiocholine above, cysteamine above, 
and a combination of choline and ammonium thioglycolate, with deionized water as a control; 
Figures 9-11 are NMR graphs showing the proton-coupled C13 chemicai shifts for aqueous solutions of 
N-acetylcysteine (Figure 9), thiocholine (Figure 10) and the combination of thiocholine and N-acetylcys- 
teine, at concentrations of 0.73 M for each component at a pH of 7.0. It should be noted that the scale for 
Figure 10 is different from the scale of Figures 9 and 11; 

Figures 12-14 are bar graphs showing the waving efficiencies of a combination of a thioglycolic acid salt 
(ammonium thioglycolate) together with cysteamine, at a pH of 6.5, compared to ammonium thioglycolate 
or cysteamine alone, and showing the waving efficiencies after one and three washings; 
Figures 15 and 16 are bar graphs showing synergistic waving efficiencies of a combination of a thioglycolic 
acid salt (ammonium thioglycolate) together with dimethyicysteamine at pHs of 5.0 to 9.5, compared to 
deionized water, cysteamine, and each component alone; 

Figure 1 7 is a bar graph showing the wave efficiencies of solutions of cysteamine and thioglycolic acid 
wherein the pH is reduced to 5.0 by the addition of a non-carboxylic acid (HCI), in accordance with the 
present invention, compared to the wave efficiency of the same composition reduced to pH of 5.0 with a 
carboxylic acid (citric); and 

Figure 18 is a graph showing the wave efficiencies of solutions of cationic cysteamine and anionic mono- 
ethanolamine thioglycolate (MEATG) at various moiar ratios of MEATGrcysteamine over the range of 1 .3:1 
to 1:1.3, at pH 7.0, showing total molar concentrations of cationic and anionic compounds. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is directed to a permanent wave composition containing a cationic compound and 
an anionic compound that complex in solution at a molar ratio of cationic compound to anionic compound in 
the range of about 1:1.2 to about 1.2:1, preferably about 1:1.1 to about 1.1:1, to provide synergy in wave effi- 
ciency, thereby providing a strongly held, new hair configuration. At least one of the ionic compounds functions 
as a reducing agent for hair and is capable of breaking the disulfide bonds in the hair so that the hair can be 
set in a different configuration - either curled or straightened. 

The cationic portion of the reducing agent of the present invention should be a compound within one of 
the following two structural formulae: 



i 



R 2 — N* — A 



BH X e 



(I) 



O 

1 

R 4 -C 



H 
I 

— C — A — SH 



(ID 



R-, — 



N* — R 5 Z e 



wherein R,, R 2 , R3, R5. Re and R 7 , same or different, are H, an alkyl group or hydroxyalkyl group having 1 to 
4 carbons, preferably 1 to 3 carbon atoms; and R4 is OH, -ORe or -NRgR 10 . wherein Ro, R 9 and R 10 , same or 
different, are H, an alkyl group or hydroxyalkyl group having 1 to 4, preferably 1 to 3, carbon atoms. 
A is an alkylene group having 1 to 5, preferably 1 to 3, carbon atoms; 
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X. Z^me "differ is OH. a halogen atom. N 0 3 , SO, or R.OSO, wher in R„ is an alky, group 
having 1 to 5, preferably 1 to 3. carbon at ° ms . structu ral formula I are choline, thiocholine. cystea- 

formula II is the methyl ester of ^to'" 6 - invention, the cationic compound(s) of formulae I 

HS-A- CH-COO' 
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Y is H, OH, NH 2 or 
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— NH — C R 12 
O 



(see Flouto 1). The oomposllioo is effective over rang. ofpH a 5 and more preferably at a 

he range of aboot 5.0 to about 9.4, preferabi, r In the ™ IntmeLliy and oan 

carrier goes up proportionately. verv cost i v and wou ld not be economical to 

Although thiocholine is available commercially * - J^JJffiSS. it has been found that thio- 
include in a commercial permanent «^H»i \£*™^^ZLc™™ and cysteine (pre- 
choline and N-acetylcysteine can be formed by the m srtu reaction o y of cysteine, as shown in 

ferably in excess) to produce thiocholine that the cysteine reac- 
Figure 1. When formed by the is toxic in high 

iocholine is about 0.73 M. When reacting <^^^^^^ 1ar each reactant is 0.73 M acet- 
cysteine insHu, therefore, it has been found that the optimum "onotflta » n cysteine/to ensure that all of 
yLocholine and about 0.9 M to about 1 .5 M cyste.ne, ^^^ t ^ n ^ ntralio ' n of ab0 ut 0.73 M, an 
L acetylcholine is reacted with the ^" e ^f e ^^ of about 0.17 

7 ~^^ - * — ,otion on,y at a pH of 

about 9.0 and above. ^tanrfes obtained with a combination of thiocholine and N-acet- 

The surprising and synergists wave ef f .cienc.es obtained wren a wfth fl wgv 

ylcysteine are shown in Figure 2. In <**'^ and the combination 

f ° m As 9 in in Table . and Figure 2, nefther thiocholine nor N-acetylcysteine was much more eff ctive than 
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water, by itself, in curl formation. Surprisingly, the combination of thiocholine and N-acetylcysteine provided 
more than twice the wave efficiency of either thiocholine or N-acetylcysteine us d alone. Further, as shown 
in Table I and Figure 2, the wave efficiency for the combination of thiocholine and N-acetylcysteine after one 
and three washings remained about 80% of its maximum prior to washing. 

TABLE I 



SYNERGISTIC EFFECT 


Wave 


Waving Efficiency 


Initial 


IXWash 


3X Wash 


Water 


7.8 


7.13 


6.8 


Thiocholine 


11.4 


10.96 


10.42 


N-acetylcysteine 


10.3 


8.33 


8 


Thiocholine/N-acetyl cysteine 


25.2 


20.61 


20.39 



Waving lotions were prepared by adding separate components - thiocholine and N-acetylcysteine - each 
at a concentration of 0.73 M, in comparison to another waving lotion prepared by the in-situ reaction of acet- 
ylthiochoiine and cysteine in the molar amounts shown in Figure 1. The following data set forth in Table II and 
in Figure 3 show that the wave efficiency is substantially identical, whether the waving lotion is formed from 
separate components or by reaction of acetylthiocholine with cysteine to form thiocholine and N-acetylcysteine 
in-situ, as shown in Figure 1. The waving protocol used to collect the waving efficiency data contained herein 
was as follows: 
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PROCEDURE 

1. Cut tresses into 0.67 gram samples (1/3 tresses). 

2. Wet hair for 5 seconds in 100 ml beaker of 32°C tap water. 

3. Comb through hair with a small tooth comb to separate strands. 

4. Fold end papers equally over the hair and spray with bottle of water. 

5. Smooth end paper and place rod underneath. 

6. Wrap hair with rod and secure with rubber clip of the rod at 0.25 inch above plastic tab. 

7. Wet hair in 32°C tap water for five seconds. 

8. Towel blot well until no excess water remains. 

9. Apply 750 ul of perm solution for 1/3 tresses - apply slowly and evenly over the tress inside the plastic 
cap. Up to 24 tresses of the same treatment may be placed into one bag. Do not mix sample treatments. 

10. Flatten and close plastic cap with small binder clip and place it on either of the top two shelves of the 
40°C (+/-1 °C) oven. Convention is to move from left to right and top to bottom inside the oven. Start timer 
for 20 minutes or other specified time. 

11. Rinse each tress for 30 seconds with 38°C water at constant flow. Time and temperature are crucial 
in obtaining reproducible results. 

12. After rinsing all tresses, towel blot well. 

13. Neutralize tresses with 1000 ul of 2.2% hydrogen peroxide in a new plastic cap. 

14. Place the cap into the 40°C oven and process for 6 minutes. 

15. Remove the tresses from the oven and rinse for 30 seconds as in step 11. 

16. Towel blot all tresses. 

17. Spiral unwrap (not conventional unwrap) tresses and carefully towel blot well. 

18. Equilibrate samples in 65% relative humidity and 25°C at least 3 hours or overnight. 

19. Measure length of tress and calculate waving efficiency (percent shortening). Lp = length in cm of 
perm d tresses; U = initial length of tress (15.2 cm). 

Wave Efficiency % = ^° ~ ^ (100) 

These data indicate that the excess cysteine present in the waving lotion, when the thiocholine and N-acetyl- 
cysteine are formed in-situ by the reaction of acetylthiocholine and cysteine, does not provide additional re- 

8 
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ducing agent action at a neutral pH. 
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TABLE l» 



COMPARISON O, WAVING 'fSSSXSSSIlST^"" 


VERSUS WAVING 


Wave 


Thiocholine 


N-acetylcystelne 


Cysteine 


Wave Efficiency 


In-situ 


0.73 M 
0.73 M 


0.73 M 
0.73 M 


0.37 M 
0.37 M 


25.44 
24.12 


Components 


0.73 M 


0.73 M 


0 


25.88 



.norfertodetemuneop^^ 
pre pared (Examples 1-3) '°" te '"^ di ^ 1-3 and in 

0.73 M for each component. 
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Example 


Acetyl thiocholine 
molar 
concentration 


Cysteine 
Hydrochloride 

molar 
concentration 


Wave 
Efficiency 


Wave 
Efficiency 1X 
Wash 


Wave Efficiency 
3XWash 




0.73 M 


1.1 M 


24.89 


21.27 


19.30 


1 


0.3 M 


0.3 M 


18.75 


15.46 


16.56 


2 
3 


1.5 M 


1.5 M 


16.67 


15.79 


12.50 



FORMULATIONS 



35 



40 



45 



50 



55 





EXAMPLE 1 


EXAMPLE 2 


EXAMPLE 3 I 


II Components 


vri. % 


grams 


wt. % 1 


grams 


wt % I 


grams 11 


II Deionized Water 


65.28 


130.57 


87.31 


8.76 


45.95 


4.62 | 


| Borax 


1.0 


2.0 


0.99 


0.09 


0.92 


0.09 | 


I Lrcysteine 


13.35 


26.70 


3.61 


0.36 


16.73 


1.67 | 


NaOH 
(50% active) 


5.91 


11.82 


2.19 


0.21 


9.10 


0.90 


Acetylthiocholine 
Chloride 


14.46 


28.91 


5.90 


0.58 


27.30 


2.72 A 


P H 


7 


.25 


7.4 


7 


.0 \ 









w <■ c,^,. Add Borax to deionized water and then add cysteine. Add NaOH to 

Manufacture Steps. ^Boraxto feu, ^ mix for 30 minute Adjust 

final p H by addition of NaOH. 



BNSDOCID <EP 0667141 A2J_> 



EP 0 667 141 A2 



The hair treated with the composition of Example I was tested for "post-perm" odor using the following protocol, 
and found to have essentially no "post-perm" odor, and less odor than cysteamine: 

PROCEDURE 

5 

Preparation of 0.73 M Cysteamine Wave Lotion 

1. After adding stir bar, weigh 84.50 grams deionized water. 

2. Weigh 11.00 grams cysteamine hydrochloride directly into beaker and stir gently. 
10 3. Add 2.50 grams ammonium hydroxide carefully. 

4. Add 2.00 grams ammonium bicarbonate and mix well. 

5. Insert pH probe and adjust pH if necessary with ammonium hydroxide to pH 8.3 +/- 0.04. 

6. Store in opaque bottle. 

15 Preparation of 2,2% Hydrogen Peroxide Neutral izer 

1. In plastic beaker, weigh 93.76 grams deionized water. 

2. Add 6.23 grams hydrogen peroxide. Cover with foil due to light sensitivity. 

3. Adjust pH with 0.004% phosphoric acid to pH 3.3 - 3.6. 

20 

Processing of Tresses 

1. Apply 2x 1000 ul of cysteamine wave lotion across each tress and place into plastic processing cap. 
Close cap with small binder clip and process for 20 minutes at 38°C. 
25 2. Rinse tresses for 60 seconds with 38°C tap water. 

3. Towel blot tresses until no water spots appear. 

4. Apply 2x 1000 ul of a 2.2% hydrogen peroxide neutralizer, pH 3.5 and process 5 minutes inside plastic 
wave cap at 38°C. 

5. Rinse tresses for 60 seconds at 38°C with tap water and place on paper towel. 

30 6. After spraying tress 1 0 times with deionized water, insert tress into glass jar and incubate at 50°C over- 

night If performing a time study, the tresses should be dried before incubating in the oven. This is done 
to help prevent microbiological growth. 

7. Tresses are next rewetted in 50°C water for an odor panel or ready for further performance testing. 
The hair treated with the compositions of all Examples 1-9 were checked for smell at all stages of permanent 

35 waving, and no odor problems were detected which might indicate that a "post-perm" odor would develop. 

Additional formulations were prepared similar to those of Examples 1 -3 using separate components of thio- 
choline and N-acetylcysteine at concentrations of each component ranging from 0.50 M to 1.30 M to confirm 
the optimum concentrations of each component Again, the optimum concentration for both thiocholine and 
N-acetylcysteine was at a molar concentration of 0.73, as shown in Table III. 

40 

TABLE III 



45 



50 



EFFECT OF MOLAR CONCENTRATION ON WAVING EFFICIENCY AT 

PH 7.0 


Example 


Molar Concentration 


Wave Efficiency 


Thiocholine 


N-acetylcysteine 


4 


0.50 


0.50 


17.76 


5 


0.73 


1.10 


29.72 I 


6 


1.10 


1.30 


22.26 


7 


1.30 


1.30 


23.25 



55 

In order to determine an optimum pH for the waving lotion composition of the present invention, four dif- 
ferent compositions containing the preferred concentrations of 0.73 M thiocholine and 0.73 M N-acetylcysteine 
wer prepared at pHs of 5.0, 7.0, 8.2 and 9.4. The data of Table IV and Figure 7, show that waving efficiency 
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is best at a neutral pH of about 7.0. 




TABLE IV 




EFFECT OF PH 


5 


pH 


Waving Efficiency 




5.0 


18.0 




7.0 


25.7 


10 


8.2 


21.1 




9.4 


19.5 



15 



20 



25 



curly hair. 
EXAMPLE 8 
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DESCRIPTION 


WEIGHT % 


GRAMS _J 


Water, deiooized 


6S.23 


65.23 J 


Borax 


1.00 


1.00 1 


Lrcysteine 


13.36 


13.35 1 


Sodium Hydroxide, 
liquid 50% 


5.96 


5.95 1 


Acetylthiocholine 
Chloride 


14.45 


14.45 



Manufacturing Steps: 



1. 
2. 
3. 
4. 

5. 



Add Borax to deionized water. 
Add cysteine. 

Add NaOH to pH 9.15, such that cysteine dissolves fully. 
Add acetylthiocholine and mix 30 minutes 
Final pH 7.25 to 7.5 by addition of NaOH. 



The following procedure was used to test 



the formulation of Example 8 as a hair straightening lotion. 



PROCEDURE: 



ess. 



l^cyi w i 

1. The tresses we,. we.*.- w«h —r en* .hempo** uslne 0.46 * SUAVE® sn*npoo .wo 

• 3. Tresses were .hen place in oven et 38 C for 20 m,n U KS_ I rm^ P 

8. Measured tressed: D. H 2 Q (control) versus formulation of Example 8. 
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RESULTS: 
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INITIAL (cm) 


FINAL (cm) 


Example 8 


9.0 


13.6 


I Control 


9.0 


8.8 



Example 8 formulation lengthening = 51.11% 
Control lengthening = -2.2 % 



In addition to the effective hair straightening, the hair also felt softer and in better condition than prior to 
15 treatment with the straightener. 

The proposed theory of ionic complexing between the anionic and cationic compounds, in solution, was 
confirmed by both nuclear magnetic resonance (NMR) and infrared (IR) testing of solutions containing the ca- 
tionic compound atone and the anionic compound alone in comparison to both the cationic compound and the 
anionic compound in solution together. The cationic and anionic compounds tested, with significant carbons 
20 numbered, were thiocholine and N-acetylcysteine, as follows: 



25 



(5) 

CH 3 

CD P) | 

HS-CH 2 CH 2 N+-CH 3 
I *> 



30 



Thiocholine 



35 



(1) 

HS-CH 2 - 

<6> 



C-O" 
I 

CH«4> 

| C2) O) 



40 



H- N-C-CH3 



45 



N- acetylcysteine 



Table V and Figures 9-11 provides NMR data for proton decoupled C1 3 chemical shifts in parts per million 
(ppm) for aqueous solutions of thiocholine, N-acetylcysteine and a mixture of thiocholine and N-acetyi cysteine, 
each component at 0.73 M concentration, and a pH of 7.0. 



50 
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relative to N-acety! cysteine at all pH's (columns 6, 7). These shifts are indicative of delocalization of electrons 
away from these two carbons resulting from the formation of a compl x betwe n the thiochoiine and N-acet- 
ylcysteine. Further evidence for this interaction can be found in the proton coupled spectra of Figure 9. In the 
spectra of N-acetylcysteine at pH 7, the triplet assigned to this carbon (6) is split while in the mixture it is free. 
Similar results are observed at pH 9, but splitting is not observed in the pH 3 sample where the carboxyi group 
is protonated and not available for hydrogen bonding. For thiochoiine, the absorption assigned to the methyl 
carbon is split in the pH 9 sample; this splitting disappears in the mixture (column 5). 

These data are consistent with infrared (IR) data for the same samples in which the SH group shows a 
wide band in N-acetylcysteine and a narrow band in the mixture. This behavior is indicative of strong hydrogen 
bonding between the thiol cation of thiochoiine and the carboxylate anion of N-acetylcysteine. 

The following formulations of Examples 9-11 (graphed in Figure 12), were prepared to show the synergistic 
effect of a combination of ammonium thioglycolate (anion) and cysteamine (cation) at a pH of about 6.5, in 
comparison to each compound alone. 



EXAMPLES 9-11 



WAVING EFFICIENCY OF ATG/CYSTEAMINE HYBRID AT P 


H 6.5 I 


Component 


Example 9 (wt %) 


Example 10 (wt %) 


Example 11 (wt. %) 


deionized water 


82.10 


87.46 


71.13 


ammonium thioglycolate 
(60% active) 


16.67 


0.00 


16.67 


cysteamine HCI (75% active) 


0.00 


11.00 


11.00 


Borax 


1.00 


1.00 


1.00 


phosphoric acid (85% active) 


0.23 


0.54 


0.20 


total 


100.00 


100.00 


100.00 


PH 


6.5 


6.5 


6.5 



The waving efficiencies of the formulations of Examples 9-11 were then measured after 1 and 3 washes 
and the waving efficiencies graphed in Figures 13 and 14, respectively. Quite unexpectedly, it was found that 
the waving efficiencies for combinations of thioglycolic acid or a salt of thioglycolic acid, e.g., ammonium thio- 
glycolate, as the anion, together with a cation disclosed herein, e.g., thiochoiine (Fig. 8) or cysteamine (Exam- 
ple 9 and Figs. 12-14), provide synergistic waving efficiencies, surprisingly at a pH below 9.0, due to the for- 
mation of an anioniocationic complex formed in solution. It was most surprising that these waving efficiencies 
were obtained at a pH below 7.0. 

The waving efficiencies of alkylated cysteamine, particularly dimethylcysteamine, together with ammoni- 
um thioglycolate at various pHs at component concentrations of 0.73M were studied in comparison to deionized 
water, cysteamine and in comparison to ammonium thioglycolate and dimethylcysteamine alone, as shown by 
the data of Tables VI and VII used to form Figures 15 and 16, respectively. 



TABLE VI 



WAVING EFFICIENCY OF DIMETHYLCYSTEAMINE AND ATG AT VARIOUS PHs 


Component 


PH 


Molar Concentration 


Wave Efficiency 


Deionized water 


7.0 




4.83 


Ammonium thioglycolate 


5.0 


0.73M 


14.69 


Dimethylcysteamine 


5.0 


0.73M 


17.54 


Dimethylcysteamine/ Ammonium thioglycolate 


5.0 


0.73M/0.73M 


23.68 



14 



EP 0 667 141 A2 



WftYIH / T «n,r,P N r.Y OF DIMETHYLCYSTEAMINE AND ATG AT VARI 


OUS PHs 


Component 


pH 


Molar Concentration 


Wave Efficiency 


Deionized water 


7.0 




10.31 


Cysteamine 


8.3 


0.73M 


25.66 


Dimethylcysteamine/ Ammonium thiogiycolate 


5.0 


0.73M/0.73M 


23.68 


Dimethylcysteamine/ Ammonium thiogiycolate 


6.5 


0.73M/0.73M 


24.34 


Dimethylcysteamine/ Ammonium thiogiycolate 


8.0 


0.73M/0.73M 


29.61 


Dimethylcysteamine/ Ammonium thiogiycolate 


9.5 


0.73M/0.73M 


31.36 



10 



15 



20 



25 



30 



35 



40 



45 



the full range of pHsetudied. m*in»thanalamlne thlogtycolete (MEATG) et pH 7.0 end 

The we»le„ MM. L'detotteid weter (Dl) cehtral to 

to about 1.2:1. and bestwaving efficiency occurs over the molar ratio of about 1.1.1 to 



Example 12 



).73M MEATG/Cysteamine Hybrid, P H7.0 Ratio 1 to 1 MEATG: Cysteam.ne 



Ingredient 



Water, Deionized 



Tetrasodium EDTA (VersenelOO) 



Sodium Dihydrogen Phosphate 



Cvsteamine.HCL, 75% (aq) 



MEA Thiogiycolate, 40% as TG 



Monoethanolamine 



PEG-15 Nonyl Phenyl Ether 



Fragrance 



Weight % 



64.72 



0.51 



2.50 



11.00 



16.81 



1.27 



2.50 



0.70 



50 



55 
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Example 13 


0.73M MEATG/0.88M Cyst amSn Hybrid, pH7.0 Rati 1 to 1.21 MEATG: Cysteamine 


Ingredient 


Weight % 


Water, Deionized 


62.17 


Tetrasodium EDTA(Versene 100) 


0.51 


Sodium Dihydrogen Phosphate 


2.50 


Cysteamine.HCL, 75% (aq) 


13.33 


MEAThioglycolate, 40% as TG 


16.81 


Monoethanolamine 


1.48 


PEG-15 Nonyi Phenyi Ether 


2.50 


Fragrance 


0.70 



Example 14 


0.73M Cysteamine/0.88M MEATG Hybrid, pH7.0 Ratio 1.21 to 1.00 MEATG: Cysteamine 


Ingredient 


Weight % 


Water, Deionized 


60.92 


Tetrasodium EDTA(Versene 100) 


0.51 


Sodium Dihydrogen Phosphate 


2.50 


Cysteamine.HCL, 75% (aq) 


11.00 


MEAThioglycolate, 40% as TG 


20.27 


Monoethanolamine 


1.50 


PEG-15 Nonyl Phenyl Ether 


2.50 


Fragrance 


0.70 



40 



45 



50 
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Example 15 


0 731(1 MCATOWO HOTM OyntiMiinln HybrW^O^jUJ^ 




Weight % 


Ingredient _ 

Water, Deionized 


61.25 


Tetrasodium EDTA (Versene 1 00) 


0.51 _ 


Sodium Dihydrogen Phosphate 


2.50 


Cysteamine.HCL, 75% (aq) 


14.37 


MEAThioglycolate, 40% as TG 


16.81 


Monoethanolamine 


1.36 


PEG-15 Nonyl Phenyl Ether 


2.50 


Fragrance _ 


0.70 


Example 16 


o^^^o^ 


Ingredient 


Weight % 


Water, Deionized 


59.37 


Tetrasodium EDTA (Versene 100) 


0.51 


Sodium Dihydrogen Phosphate 


2.50 


Cvsteamine.HCL, 75% (aq) 


11.00 


MEAThioglycolate, 40% as TG 


21.86 


Monoethanolamine , 


1.56 


PEG-15 Nonyl Phenyl Ether 


2.50 


Fragrance 


0.70 



40 



45 



50 



55 
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1 .2: 1 
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MEA:Cys 


2 
> 

VI 


MEA:Cys 


MEA:Cys 




IEA:Cys 


r Ratio 


















Avg. 






20.9 


21.5 


18.6 


I9.6 


oo 
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TABLE VIII 
EFFICIENCY OF A 
AT VARIOUS M 
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Preferably, the reducing composition also includes a hair moisturizer and/or softener selected from a poly- 
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10 



15 



20 



manageability of the hair, such - of the composition, 

added, is included in an amount of about 0.01 * » abourz u a y a nt jnvention as 

Other common cosmetic additives can^ be ^.onic or anionic compounds of the 
long as the additives do notTorm an ionic ^P' 6 ^,.^^^ 

P-esentinvention.These additives indud^^^^^^ preserv atives, water softening 

or solubilizers, opacifies pearlesc.ng agents, th ckeners, foam sra p esof |esstnan ab0 ut 

agents, acids, bases, buffers and the ^,ton v^i2e Is P«dominant.y water but organic sol- 

1% each, and about 2% to about 5% In total ^^Sto impounds that are not suff iciently soluble 

the composition. anionic thiocarboxylate anion of the composition 

Cationic additives that will complex, .n solute^ •££££2* | clonic/anionic complex of the present 
of the present invention will reduce the amount of^ foe W-** Similarly, an anionic ad- 

invention, thereby reducing the waving eff '^^T^^ the wavtag efficiency of the waving lotion 
ditive. such as a carboxylic acid, or ^o^ 3 * 8 ^ 30 ^^^ fo ? by adding more of the anionic 

of the present invention. Such unwanted ^""^ However, 
orcationiccompoundthatisuselessly^ 

such further additions of anionic or cation.c components cause neea.ess 

25 ed complexes are best avoided. 570 62217 it is disclosed that cysteamine and thioglycolic 

For example, in the Japanese Showa Patent 57062217 ' us 0 tors djd not investigate 
acid are effects together^ 

cysteamir^thioglyco^^^ jonic eamflmaaQ theory first 

th T:Snt^ 

been found that the combination of cys« 

long as the pH is lowered withouttN addit or [<**^ 0 ^™' at least a portion of the cationic compound, 

35 :r ~ y decreasin9 the wave eff 

oolic acid, each at a concentration o MWJJ- ^ ^ c acid (hydro chloric acid) to a pH of 
40 one with a carboxylic acid (citric acid "J*"^*^ Sd^insuff icient wave efficiency of 14.7% 

5.0. As shown in Figure 17. the solution titrated wrt Active wave efficie ncy of 21 .7%. 

while the solution titrated with hydroch onc ac. ' «JJ^J*SL algin ate, gum arable, cellulose der- 
The composition optionally can be ftUkmdY ^^J^L,,^,*.. and carboxymethylcel- 

ivatives such as methylcellulose. hydroxyethylcelMos J ^JJJ^SSL,, J , s als0 possible to use inorganic 
45 lulose. and various polymeric thickeners such as ^« ^eferably are present in an amount from 

thickeners, such as bentonite. These ^^^^ 0^ to about 3% by weight, based on the 

about 0.1% to about 10% by weight and. in particular, from aDoui u.o 

total weight of the composition. To acnjeve tne fu „ advantage of the 

The composition has the pH in the range of about 2.0 to ao rticu|arl about 5 .5 to about 8.5. 

50 present invention, the composition has a pH * *"J ^pH can be achieved by the addition of an 

^tun~rsmayenhanc*thec.^^^ 
55 Theuseofpolyhydncalcoholsorpolyhydroxyalka^ 



natural curl. 
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These moisturizers ar selected from the group consisting of polyhydroxyalkyl compounds, particularly 
alkylene glycols and polyalkylene glycols, and especially ethylene glycol and the polyethylene glycols; propy- 
lene glycol and the polypropylene glycols; polyethylene glycol glyceryl ethers; ethoxylated fatty alcohols; and 
fatty alcohol polyglycol ethers. Examples of suitable moisturizers include glycols and triols such as glycerine, 
5 ethylene glycol, propylene glycol, 1 f 3-butylene glycol, 1,2,6-hexanetriol, 1,5-pentanediol, 2-methyl pentane- 
diol-2,4, and 2-ethyl hexanediol-1,3. Further examples of suitable moisturizers include the polyalkylene gly- 
cols, such as those compounds having the formula 

to H- (OCH 2 CH) n OH, 

R 

wherein R is H or CH 3f and n has an average value of 2 to 600; when R=H, particularly suitable moisturizers 
15 have n in the range of 4 to 600; and when R=CH 3 , particularly suitable moisturizers have n in the range of 2 
to 34. The polyalkylene glycols that can be used as moisturizers in the permanent wave composition of the 
present invention are exemplified by, but not limited to, compounds such as polyethylene glycol 200; polyethy- 
lene glycol 400; polyethylene glycol 600; polypropylene glycol 1 50; tetraethylene glycol; and dipropylene glycol. 
Examples of other suitable moisturizers include the polyethylene glycol glyceryl ethers, such as polyethy- 
20 lene glycol 600 glyceryl ether and polyethylene glycol 26 glyceryl ether. Furthermore, the ethoxylated nonyl 
phenols and ethoxylated octyl phenols, particularly nonoxynol, CgH^CeH^OCHjCHJn-OH, wherein n averag- 
es at least 6 and up to about 100; and octoxynol, C 8 H 17 SeH4(OCH 2 CH2)n-OH, wherein n averages at least 7 
and up to about 40, also are suitable moisturizers for use in the composition of the present invention. Suitable 
ethoxylated fatty alcohols for use as moisturizers in the composition of the present invention include com- 
25 pounds having the formula R-(OCH 2 CH2) n OH, wherein R is an alkyl group containing from about 12 to about 
30 carbon atoms and n averages at least 6. In addition, fatty alcohol polyglycol ethers having the formula 



30 



50 



R- (OCH 2 CH 2 ) n - (OCH^CH) m -OH, 

*3 



wherein R is an alkyl group containing from about 8 to about 16 carbon atoms, n=0 to 6, m=0 to 6, and n+m 
35 is at least 6, also are useful as moisturizers in the composition of the present invention. 

The composition of the present invention is easy to use and apply, repeatedly, without damaging the hair 
while providing a strong, tight curl and leaving the hair unexpectedly soft The composition can be lotion or 
water wrapped and can be used with or without heat. Unexpectedly, the composition is applied to any type of 
hair, regardless of structural damage to the hair, resulting in consistent curl tightness and softness. 

40 

Claims 

1 . A composition capable of breaking sulfur to sulfur bonds in human hair when in contact with said human 
45 hair so that the hair can be reconfigured in a desired configuration, which composition comprises an aqu- 

eous solution containing an ionic complex formed from a cationic compound, in solution, and an anionic 
compound, in solution, at a molar ratio of cationic compound to anionic compound in the range of 1:1.2 
to 1.2:1, said compounds being different, wherein the cationic compound, in solution forms a cation of 
formula I or formula II, or a mixture of two or more thereof; 



55 I 



R 2 — N* — A — BH ( i ) 
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25 



30 



35 



O H 

r 4 _C-C-A-SH (ID 
R 7 — If — R 5 



*6 



n wherein R, R 2 , Ra.*.* and R 7 . same or different, -^"^^ 

1 to 5 carbon atoms; and R, is OH. -OR3 or -NR 9 Rio, where.n R, J "^JJj ' V uphaving 1 to5 car bon 

HS-A-CH -COO« 
Y 



wherein A is nonexistent or an al.cy.ene grou p having 1 to 5 carbon atoms, and Y is H. OH, NH 2 or 



— NH — C — R i2 
O 



wherein R 12 is an alkyl group having 1 to 5 carbon atoms. 

3. A composition according to claim 1 or 2, wherein the pH is from 2.0 to 12.0. 

4. A composition according to Cairn 3, wherein the P H is from 5.0 to about9.4, preferabiy from 6.0 to 8.0. 

5. A composition according to any of ciaims 1 to 4, wherein the cation is choline or thiocho.ine. 

6. A composition according to any of claims 1 to 5, wherein the anion is 

40 HS — CH — COO e 

I 

NH 2 

45 7. A composition according to claim 1 , 2 or 3, wherein the anion is 

HS — A — CH — COO e 

NH — C — R 12 

50 



wherein R 12 is an alkyl group having 1 to 5 carbon atoms. 
55 8 . A composition according to claim 7, wherein the composition has a pH in the range of about 2.0 to about 
6.5. 
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9. A composition according to claim 7 or 8, wherein the anion is N-acetylcysteine. 

10. A composition according to any preceding claim, wherein the molar ratio of cationic compound to anionic 
compound is in the range of about 1:1.1 to about 1.1:1. 

11. A composition according to any of claims 1 to 4, wherein the cation has the formula: 

HS - A- NR1R2R3 

wherein A is an alkylene group having 1 to 5 carbon atoms, and R 1f R 2 and R3, same or different, are H, 
an alky! group or a hydroxyalkyl group having 1 to 5 carbon atoms. 

12. A composition according to claim 11, wherein the cation is cysteamine, methylcysteamine, dimethylcys- 
teamine or mixtures. 

13. A composition according to claim 12, wherein the anion is thioglycolic acid or a salt thereof and the pH of 
the composition is in the range of 2.0 to 8.5. 

14. A composition according to claim 13, wherein the anion is monoethanolamine thioglycolate. 

1 5. A composition according to claim 1 , 2, 3 or 4, wherein the cationic compound is thiocholine, and the anionic 
compound is N-acetylcysteine. 

16. A composition according to any preceding claim, wherein the cationic compound and the anionic com- 
pound are each included in the composition in a concentration of 0.5 molar to 2.0 molar, preferably 0.6 
molar to 1.0 molar, most preferably 0.7 molar to 0.8 molar. 

17. A method of manufacturing a permanent wave lotion capable of forming an ionic complex between thio- 
choline and acetylcysteine to achieve efficient reconfiguring of human hair, which method comprises mix- 
ing acetylthiocholine and cysteine with water wherein the acetylthiocholine is included in a concentration 
in the range of 0.2 molar to 3.0 molar; reacting the cysteine with the acetylthiocholine to form thiocholine 
and N-acetylcysteine, each in a concentration of 0.2 molar to 3.0 molar and in a molar ratio of thiocholine 
to N-acetylcysteine of 1 : 1 .2 to 1 .2: 1 . 

18. A method according to daim 17, wherein the ratio of cationic compound to anionic compound is in the 
range of 1:1.1 to 1.1:1. 

1 9. A method of breaking sulfur to sulfur bonds in human hair to leave the hair weakened so that it can be 
reconfigured to a desired configuration, which method comprises contacting the hair with aqueous com- 
position as claimed in any of claims 1 to 16. 
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wherein R,, R, R 3 , R* Re and R 7 , same or different are H an 
compound, in solution, forms an anion of formula III: 



HS — A — CH COO e 



(III) 



wherein A 



is nonexistent or an alkylene group having 1 to 5 carbon atoms, and Y is H, OH, NH 2 or 
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O 



wherein R 12 is an alkyl group having 1 to 5 carbon atoms. Examples of cationic compounds include thiocholine, choline, 
cysteineamide, cysteamine, and combinations thereof. Examples of anionic compounds include cysteine, N-acetyl- 
cysteine, thioglycolic acid or its salts, and combinations thereof. 
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